Introduction
Posterior chamber intraocular lens (PC-IOL) fixation in the absence of adequate capsular support is required in cases of dislocation/subluxation of the natural crystalline lens, for primary or secondary implantation following rupture of the posterior capsule or disinsertion of the zonules, or for re-fixation of dislocated/subluxated PC-IOLs. If adequate capsular support exists, a PC-IOL can still be placed in the ciliary sulcus over the remaining capsule. However, if there is inadequate support, the options include either implantation of anterior chamber or iris claw lens, or suturing a posterior chamber IOL to the scleral wall or to the iris. In the case of a dislocated/subluxated IOL many surgeons prefer to remove the misplaced lens and exchange it with another IOL. However, repositioning of the malpositioned IOL and securing it to the sclera or the iris is a minimally invasive and less traumatic procedure, utilizing the very same IOL that was fitted power-wise in the original surgery.
Secondary implantation
Lack of capsular support is common in aphakic eye, especially following removal of traumatic or congenital cataracts. Adhesions between the iris and capsular remnants are often so broad and fibroused that reformation of the ciliary sulcus is practically impossible.
Iris fixation
Condon [1 • ] describes a method for simple peripheral iris fixation of a posterior chamber three-piece AcrySof IOL via a small corneal incision. A bimanual unfolding maneuver creates pupillary capture of the optic to temporarily stabilize the IOL. Peripheral modified McCannel sutures fixate the haptics to the iris, followed by prolapsing the optical part behind the iris. This technique requires intraoperative pharmacological miosis to maintain the optic capture, and prevent the risk of losing the IOL posteriorly.
Condon describes some degree of immediate iris pigment epithelial loss, intraoperatively, but states, as well as quotes other studies, that progressive pigment dispersion glaucoma has not been identified as a common late complication.
Other potential complications include the formation of peripheral anterior synechiae (PAS) overlying the angulated haptics of iris-fixed posterior chamber IOLs, late breakage of the polypropylene suture (probably less common than in scleral fixation), and late erosion of an iris suture into an iris vessel, resulting in a transient hyphema [1 • ].
Scleral fixation
Ahn et al. [2] describe a series of 21 patients who had a transscleral fixation of a foldable IOL after previous vitrectomy and lensectomy. An MA60 AcrySof IOL was used. The 10-0 Prolene suture was tied to the haptics and the IOL was inserted into the ciliary sulcus and fixated to the sclera by tying the suture to itself. The knot was buried under Tenon's capsule or under partial-thickness scleral flaps. In all patients the postoperative best corrected visual acuity (BCVA) was recovered by 2 months after surgery, and improved significantly after 6 months. Complications included one vitreous hemorrhage that resorbed spontaneously and one reopened macular hole that required fluid-gas exchange for reattachment.
Lin and Tseng [3] describe a modified method for scleral fixation of a non-foldable IOL using a double armed, 10-0 Prolene suture on a curved long needle (CIF-4, Ethicon). The needle is passed through a groove in the sclera and retrieved within the barrel of a bent 25-gauge needle through the opposite groove. Double transscleral passages with a distance of 3.0 to 4.0 mm enable fourpoint fixation for better stability and centration. Knots are buried completely and spontaneously in the scleral groove. In their series of 10 patients, all sutures were well buried and vision improved in all eyes. Complications included one intraoperative ciliary hemorrhage that ceased after increasing intraocular pressure.
In this paper the sutures are introduced through an ab externo technique. The authors state that this technique offers a precise penetration site superior to the ab interno technique in which the needle tip is obscured by the iris and the direction of the needle and the penetrating site are sometimes difficult to control.
Repositioning of a subluxated/dislocated intraocular lens
Refixation of the subluxated or luxated IOLs saves the need to make a large incision in a tissue that was previously operated. Usually needle passes or small corneal or scleral incisions are all that is required.
Iris fixation
Chang [4 • ] describes 8 cases that presented with symptomatic posterior chamber IOL subluxation. In all cases a McCannel Prolene (polypropylene) suture was used with the Siepser slipknot technique, to successfully refixate the IOLs to the iris. In one case both haptics were sutured to the iris, while in the remaining seven cases only a single haptic was sutured. Miochol was used for capturing of the optical part of the IOL. The CIF-4 needle was introduced through a paracentesis, and after penetrating the iris twice to capture the haptic, was threaded into the lumen of the viscoelastic cannula that had been introduced through the second paracentesis, and guided the needle out of the eye. The needles were cut off; an iris hook was used to retract a loop of suture distal to the haptic out through the proximal paracentesis port. The free proximal suture tip was passed through the loop in two throws. As the free end of the suture was pulled, the knot slid down onto the haptic. This was repeated once more and then the suture ends were trimmed.
There were no intraoperative complications, and a round pupil was preserved in all cases. One patient experienced mild posterior tilting of the nonsutured haptic, but was not symptomatic. Chang finds that the Siepser slipknot is superior to making an overlying paracentesis to externalize the suture ends and lay down the knot. In addition to an additional incision, the latter requires elevating the ensnared iris and haptics to the incision as the knot is tightened, and necessitates what Chang finds an undesirable displacement of the iris and the IOL.
Scleral fixation
Kokame et al. [5 • ] report a retrospective series of 14 eyes in which a posterior chamber IOL dislocated. After a pars plana vitrectomy, by which the IOL was retrieved, the IOL was stabilized in the anterior chamber. The haptic was externalized through a clear corneal incision for suture knot placement. The haptic was reinserted, the suture retrieved through the sclerotomy and sutured with a second suture 1.25 mm posterior to the limbus under a scleral flap. Postoperative vision and visual symptoms improved in 86% of the eyes. Two eyes suffered worsening of vision due to conditions not related to surgery. Complications included mild corneal striae, mild self-limited cystoid macular edema (CME), mild self-limited vitreous hemorrhage (2 eyes), and spontaneously resolved corneal edema. All IOLs were stable, although one IOL with asymmetric haptics slightly tilted. Externalization of the haptics simplifies the procedure, compared with the very cumbersome techniques of looping the haptics intravitreally. By externalizing the IOL loops, placing the sutures through the positioning holes is more precise and the haptic tip can be heated using a diathermy to create a bulb on the end and decrease the risk of slippage of the knot during reinsertion.
In the paper by Han et al. [6] a method is described to fixate a subluxated/dislocated posterior chamber IOL to the sclera, facilitated by placement of the suture around the haptic for stabilization. In this method a needleless Prolene suture is inserted into a 19-gauge blunt cannula, brought up to the haptic through a paracentesis and pulled with a Sinskey hook through another paracentesis twicebelow and above the haptic. Outside the eye a knot is formed around the haptic. Then an ab externo approach is used to introduce a Prolene suture inserted through a 27-gauge needle into the ciliary sulcus, under a scleral flap. The suture is again retrieved using the Sinskey hook at the same site the first suture is holding the haptic. The suture is again tied to the haptic and this is repeated through a different puncture site under the scleral flap. The haptic is pulled in place in the sulcus and the two sutures are tied and buried under the scleral flap, while the stabilizing suture is cut short. This technique minimizes the intraocular manipulations necessary to create a suture loop around the haptic. Nakashizuka et al. [7] describe a cow-hitch technique for pars plana suture fixation of IOLs that dislocated into the vitreous cavity. In all three patients a previous pars plana vitrectomy had been performed with IOL implantation that later dislocated. During repositioning surgery two additional sclerotomies for suture fixation were prepared, 3.0 mm posterior to the limbus. A loop (''cow-hitch knot'') was made with 10-0 Prolene. After the neck of the cowhitch loop was grasped with an intraocular forceps, the loop was used to lasso a haptic and the IOL was pulled to the sclerotomy. This was repeated for the second haptic and both sutures were secured to the sclera under the scleral flaps. In all patients the IOLs were repositioned and the procedures were uneventful. There was a hyperopic shift of 1.0 to 1.5 diopters in refraction.
Pars plana fixation of the IOL is less popular compared with ciliary sulcus fixation. On the one hand, pars plana fixation is less associated with complications such as vitreous hemorrhage, retinal detachment, and myopic shift of the refractive error. However, it may be associated with a hyperopic shift due to the backwards placement of an IOL intended for the capsular bag. It is still an open question whether pars plana fixation is less stable than ciliary sulcus fixation. The authors state that this technique is more suitable for one-piece polymethylmethacrylate (PMMA) IOLs. Although the maximum total diameter of 13.5 mm might be considered small for pars plana fixation, they observed no complications such as decentration or tilting of the IOL.
Subluxation of posterior chamber intraocular lens previously sutured
In 2002 we have published five events of ''vertical'' (anterior-posterior) subluxation of PC-IOL that had been sutured to the scleral wall 3 to 9 years earlier [8] . The five events occurred in two nonrelated individuals, young males in their 20's, having the same diagnosis of primary familial bilateral ectopia lentis. All sutures had been tied to the positioning holes at the IOL haptics. Apparently this is where the sutures broke, as no suture was observed attached to the loosened haptics at the time of the corrective surgery.
Since the time of this publication we have seen two more similar cases: one was the fellow eye of one of the two patients previously published, and the second was his younger brother's eye. It is not clear to us why the Prolene sutures broke seven times in these three individuals, while it remained intact in the dozens of scleral fixation cases we operated on using the very same sutures and technique. One may speculate that this specific etiology of primary familial bilateral ectopia lentis carries an enzymatic or other effect on the Prolene material.
To increase the safety margins of PC-IOL fixation in the absence of capsular support, we currently advocate suturing the IOLs both to the scleral wall and to the iris. This is done by first securing the IOL to the sclera, and then prolapsing the IOL optic anteriorly to create an iris capture that facilitates fixation of the loops to the iris (Fig. 1) .
Conclusion
Transscleral or iris suturing of posterior chamber IOLs are well-established, excellent options for fixation of posterior chamber IOLs in the absence of sufficient capsular support, either as a primary procedure, a secondary implantation, or as a re-fixation of malpositioned lenses. There are numerous surgical approaches and techniques for fixation of the IOL to the scleral wall adjacent to the ciliary sulcus or to the pars plana, as well as for securing the lens to the iridal tissue. The wide range of surgical options enables surgeons to achieve a safe and stable fixation of PC-IOLs in high-risk cases, avoiding the complications of anterior chamber lenses. We suggest that combining scleral and iris fixation might provide the highest safety profile in the long run. 
